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Abstract—Smartphones and tablets have apps, web ser-
vices and all other new digital media present at classroom has
been used to enhance traditional teaching methods. Although
satisfactory results were achieved with educational games
and robotics, there are a lack of intimacy and interaction,
especially when it comes to applications with children. In
this paper, we are proposing a question game to verify the
learning of children in relation to classiﬁcation of 2D and 3D
geometrical ﬁgures. Two groups of 11-14 year-old children
were compared after they took classes with the robot, each
group with a different level of interactions, participating of a
question game. The Mean Opinion Score is used by children
for sending a feedback report of the game. The results
obtained show children’s performance with high interaction
robot was improved compared to the low interaction group.
This suggests that a high interaction robot is a signiﬁcant
manner to help teachers, motivating children to study at
home to defeat the robot in game.
Keywords-Humanoid Robot, Educational Robotics,
Children-Robot Interaction
I. INTRODUCTION
New ways to deepening and conceptualizing the learn-
ing in classrooms are possible with technology. The in-
crease in younger users of smartphones, social networks
and web services in general have offered several chal-
lenges to traditional ways of teaching subjects. That is
one of the main Educational Robotics goals: to provide
more interactive tools for students that are unmotivated
with the common teaching methods due to their lack
of interaction, as well as offering the opportunity of
something more concrete than theoretical classes, turning
the learning experience more enjoyable [3].
Programmable robotic kits, as LEGO and Pete, are a
concrete tools to support learning, leading the student
to explore logical paradigms to build and programming
robots. Just like the educational games, it is a fun and
efﬁcient way to study all the theoretical concepts, specially
when the child is challenged by the technology. However,
most of younger children treats the robot as a toy, having
low connection and respect, preventing the robot to be
used as a assistant teacher.
Robots with the ability to interact more likely to the
human behavior has become an important topic in ed-
ucational robotics research. By the socially interaction
with others, humans can learn more easily, and the same
idea can be used in the children-robot interface. The
robot NAO, from Aldebaran Robotics, has a range of
interaction possibilities, helping to the student to keep
attention and focus in the activities proposed, aiming the
gain in learning.
In this paper, we discuss the results in children’s
performance in a question game proposed by us, after
classes with a humanoid robot in different levels of child-
robot interaction. For this, the robot is teleoperated and
a set of 30 11-14 year-old children took classes with the
humanoid robot, separated in two groups: Low an High
interaction. Although being an initial study, it will be
shown some results obtained demonstrating a increase on
the performance of the high interaction group, in the sense
of remembering more of the teaching when the robot was
more humanized when compared to the low interaction
robot.
This paper is organized as it follows. In section II, some
works relating to this research are presented. In Section
III, the robot and the methods used are described. In
section IV, the experiments conducted with the students
are presented. The results obtained are discussed in section
V. Finally, in section VI, conclusions and future works are
presented.
II. RELATED WORKS
Mindstorms: Children, computers, and powerful ideas
[4], by Seymour Papert, was one of the ﬁrst - and still one
of the most important - studies in Educational Robotics,
in which the tendencies for computers in the educational
context is discussed. Computers were a recent thing and
their application in any subject still was in it’s ﬁrst steps.
A reﬂexion about how the computer’s universe could
inﬂuence in the early education process. In partnership
with MIT, they developed a powerful tool for learning: the
LOGO. A robot turtle that could be programmed by chil-
dren with simple commands, resulting in a practical and
funny way to teach more theoretical subjects. The results
showed how that robot improved children’s motivation and
ideas, despite its lack of interaction.
In a study with young children [6] was used a state-of-
the-art social robot immersed in a classroom of toddlers
from 5 months old. In this study, the quality of the
interaction between children and robots changed according
the number of interaction sections: improved steadily for
27 sessions, quickly deteriorated for 15 sessions when
the robot was reprogrammed to behave in a predictable
manner, and improved in the last three sessions when
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Figure 1: Average of judge’s score by tasks for all videos for low 1(a) and high 1(b) interaction groups.
the robot displayed again its full behavioral repertoire.
Initially, the children treated the robot in a very differently
way than they treated each other. However, by the time of
the last sessions, 5 months later, they treated it as a peer
rather than as a toy. The obtained results indicated that
current robot technology is surprisingly close for achieving
autonomous bonding and socialization with human tod-
dlers for sustained periods of time and that it could have
great potential in educational settings, assisting teachers
and enriching the classroom environment.
In the systematic review in Educational Robotics [2],
a lack of humanoid robots in education was detected.
The age range covered by the main works found in that
search was the LEGO Mindstorm’s target audience. It
was also discussed the different manners of evaluating
educational robotics regarding to the diversity in target
students, claiming that each age group should be analyzed
in a particular way. Early toddlers, for example, are not
capable of answering evaluation forms.
Recently, the humanoid robot, NAO, was used for teach-
ing simple geometrical ﬁgures, such as triangle, square and
rectangle in [5]. The approach of the experiment consisted
of a set of questions, in which the robot gave clues about
a geometric ﬁgure. For example, the number of sides,
the formula of the area, the perimeter formula and the
child should present the right ﬁgure to the robot. After
hearing the tip of the robot, the student should choose
one out of several ﬁgures at the table and the robot should
indicate whether the response was correct. Otherwise, the
humanoid should give a new tip about the ﬁgure that
should be recognized. This work showed that the students
enjoyed very much to interact with the robot, suggesting
that the incorporation of this robot in learning tasks should
be more explored. In the present work, we are addressing
to investigate the children’s performance after classes with
a humanoid robot in two different levels of child-robot
interaction: low and high. For this, a question game is
being proposed by us and the performance of children will
be evaluated by three different measures and they will be
presented in next section.
III. METHODOLOGY
Initially, in our previous work [7], 30 children were
separated in two groups to take classes of 3D geometric
ﬁgures with the participation of NAO robot in a low and
high interactive way. Although all sessions were video
recorded, a sample of 5 videos for each group were
chosen for 10 judges evaluation. The judges’s goal was
to give scores to children’s reaction to each task along the
interaction. Two interaction phases were applied for the
evaluation. The ﬁrst one is the welcome phase (missing
in low interaction group) constituted by 3 tasks: Stand
up, Name recognition and Hand Shake. The second one
consisted of the three repetitions of the following tasks:
NAO robot asks to child a next ﬁgure, analysis the kid’s
answer (classifying this ﬁgure) and ﬁnally, gives an answer
to child (if the classiﬁcation is correct or not). Those tasks
are described in Table I with the respective number in
Figure 1, in which is shown the average of scores per task
of all videos gave by the judges to low (Fig. 1(a)) an high
(Fig. 1(b)) interaction group. Scores have a range from 1
(very bad ) to 5 (very good), in which 3 is a neutral child
reaction.
The two groups were compared with three different
methods: Mean Opinion Square, Post-experiment exam
and Continuous Audience Response to evaluate, respec-
tively, the childrens experiment feedback, the subject
absorption and quality of children-robot interaction. In-
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Table I: Tasks of robot NAO on the Figure 1.
Interaction Figure 1(a) Figure 1(b)
Stand up Not 1
Name Recognition Not 2
Hand Shake Not 3
Ask for a ﬁgure #1 1 4
Figure Analysis #1 2 5
Robot’s Answer #1 3 6
Ask for a ﬁgure #2 4 7
Figure Analysis #2 5 8
Robot’s Answer #2 6 9
Ask for a ﬁgure #3 7 10
Figure Analysis #3 8 11
Robot’s Answer #3 9 12
creasing the interaction levels of humanoid robots brought
better results (as can be seen in Figure 1) than just visual
and auditive contacts, and this has suggested a more funny
and efﬁcient manner to hold the childrens attention span.
This result proved that the students keep more attention
on the class when the robot is more humanized (or more
interactive). Also, the change in robot’s behaviors caused
some peaks of high quality interactions (good reactions of
children in feedback to robot stimuli).
The results obtained served as motivation to propose
a question game, aiming to evaluate the performance of
children after having classes with the participation of NAO
robot with two different levels of interaction: low and high,
to be presented to follow.
A. Interactive Classes
To test interactive classes methods, children, from a
project developed by the University of Sa˜o Paulo, Sa˜o
Carlos, named ”Projeto Pequeno Cidada˜o ”, were invited
to participate in. In this project, 11-14 years old needy
children had an after school program, with reinforcement
classes, art lessons and sports activities. It’s a mixed
group of all municipal school children of Sa˜o Carlos,
allowing a random margin of knowledge among subjects.
It was speciﬁed that the chosen students had different
performance at school and social skills. A total of 30
children participated of the experiments. Also, it was used
the same number of boys and girls to compare their
interactions with the robot.
In the ﬁrst group (less interaction group) sessions, the
robot was initially in a crouch position when the children
arrived. Without any welcome message, the robot asked
for a cube with this message: ”Please, put in my hand
a geometric ﬁgure with 6 faces, 12 equal edges whose
base is a square”. The same approach happened with the
pyramid and the sphere. The robot asked for a 4 faces
and triangular-based geometric ﬁgure (pyramid) and for
some ﬁgures without faces or edges, whose base like a
planet shape. In all cases, the movements of the robot
was only to recognize the ﬁgure placed by the kids in its
hands, as shown in Figure 3(a) and 3(b), giving a second
chance for the kid when the chosen ﬁgure was wrong.
In the second group sessions, with more interaction with
the robot, the robot was sitting when started its activities.
When the children arrived, NAO raised, waving with its
hands, asking for the kid’s name. Although asking the
same questions of the ﬁrst group, the robot had other
movements, like scratching its head when recognizing the
geometric ﬁgure, a hand-shake after recognized the kid’s
name and a hi-ﬁve (Figure 3(d)) if got a right answer.
In case of negative responses, the robot turned its LED
to red, lowering head and returning the ﬁgure chosen to
the child. Again, the robot gave new chances, repeating
tips for the child to ﬁnd the right ﬁgure. Finally, the robot
congratulated the participation by inviting the subject to
attend another mat classes. In the end of the interaction,
the robot did a review with the kids remembering and
explaining all the subject approached, in order to certify
that children understood their mistakes (if any). After that,
we applied a pos-experiment test to both groups where we
tried not to ask the same questions as the robot did, but
to generalize the knowledge approached with the children
in questions as associating 3D forms with a daily object,
drawing some ﬁgure or comparing its differences. The
results of this test as well as the children’s answer showed
that the most difﬁcult part to the kids was to distinguished
2D from 3D geometric ﬁgures, indicated by the number
of mistakes in classifying cube as square and pyramid as
triangle.
Trying to clarifying this common mistake to the kids, we
made an intermediate session between the ﬁrst session and
the game. In this intermediate session the robot remained
sitting all the time with a lot of new geometric ﬁgures scat-
tered in a table in front of it. The set of geometric ﬁgures
was composed by 2D and 3D shapes. The 2D geometric
ﬁgures were printed squares, triangles, rectangles and
diamonds and 3D geometric ﬁgures were cubes, different
pyramids, prism, octahedron and tetrahedron. The robot
explained the difference between the ﬁgures, highlighting
the distinct numbers of edges and vertex, but especially the
additional dimension in 3D ﬁgures, which changes their
names, due to this be the main mistake committed by the
children in the ﬁrst contact with the robot.
B. Proposed Game
Thanks to the support of math education specialists,
we have proposed a game as an assessment methodology
to investigate how much content children were able to
keep from classes with variation in robot-children interac-
tion.We named it ”Hit the answer to make NAO happy”,
suggesting that the children involved would to hit all the
robot’s question to make it happy and won the game.
This game had 3 phases: In the ﬁrst one, the robot’s
operator randomly chose a question to robot asked to the
children from easy category. Then, in the second phase,
a question from medium category, and ﬁnally to the last
phase, a question from hard category. For all phases, if the
children’s answer was right, the robot raised a little and
demonstrated some happiness signs, as rising the hand to
the air or blink its eyes in blue faster, whereas in case of
wrong answer, the robot lowered its legs and demonstrated
some disappointment sign, like lowering its head or slow
blink its eyes in red, but in both cases the game continuous
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to next phase. Furthermore, each time they got a right
answer, they won a ”happiness point” and every wrong
answer given, they got a ”sadness point”. A ”sadness
point” cancel a ”happiness point”, could causing a negative
balance in robot’s happiness.
In other words, the more erect and stretched the robot
was, the happier it would be and consequently, the more
scores the child would be reaching in that moment, while
the more relaxed and lying the robot was, less scores they
would be reaching. To children, the main goal in the game
was to ﬁnish the three phases with the robot in a happy
state, it means, with one or more happiness points. For
example, hitting the ﬁrst and second phase’s questions and
missing the last phase, the children won two ”happiness
points” and one ”sadness point”. Hence, its balance was
2 in robot’s happy state and it won the game. However,
missing any two phases, even hitting the other one, their
balance was negative, and then the children lost the game.
In the game, the robot asks questions in three difﬁcul-
ties. The questions made by the robot, by category, were:
• Easy difﬁculty:
1) Put in my hands two 3D geometric ﬁgures with
different bases.
2) Give me a cube and a parallelepiped, then,
explain me their difference.
3) Put two 3D geometric ﬁgures in my hands and
say their names.
• Medium difﬁculty:
1) Give me 2 similar 3D geometric ﬁgures with
different bases.
2) Show me a geometric ﬁgure with 15 edges.
3) Put a 3D and a 2D geometric ﬁgures in my
hands.
• Hard difﬁculty:
1) Put in my hands a cube and a square, then,
explain me their difference.
2) Put in my hands a ﬁgure with 8 edges and a
ﬁgure with 7 faces.
3) Explain me the difference between 3D and 2D
geometric ﬁgures.
IV. EXPERIMENTS
In this section, ﬁrst we present the humanoid robot used
in our experiments and to follow, the tests performed by
using the proposed game.
A. NAO Robot
To make this study viable in time, the chosen robot was
NAO, from the french company Aldebaran , due its wide
inventory of tools and frameworks by default.
1) Physical Resources: NAO is a 57cm high humanoid
robot with 25 degrees of freedom. Each joint is equipped
with position sensors. An inertial unit including 2 gyrome-
ters and 3 accelerometers, and 4 Force Sensitive Resistors
under each foot give NAO the ability to estimate his
current state. Sonars give a measurement of the distance
between the robot and its environment. Bumpers on the
feet detect collisions with obstacles on the ground. The
head tactile device gives a way to communicate with
the robot by, for instance, caressing NAO as a reward
gesture. Other input devices are two VGA CMOS cameras
(640x480) and four microphones. Microphones are very
important sensors because we consider that voice should
be the most natural interface between NAO and its users.
A voice recognition module is part of the fundamental
software functions provided with NAO. As output devices,
NAO offers two loudspeakers and programmable LEDS
around the eyes. The CPU is located in the head of the
robot: it is a GEODE 500MHz board with 512Mo of ﬂash
memory and possible extension via a USB bus. A Wi-
Fi connection links the robot to any local network and
to other NAOs if needed. NAO is powered by Lithium
Polymer batteries offering between 45mn and 4 hours
autonomy according to its activity.
Figure 2: Choregraphe graphical interface
2) Coreographe: All behaviors for this study were
implemented in Coregraphe, which is a very intuitive
graphical environment that allows simple programming
of NAO. When the software is launched, the graphical
user interface displayed in Figure 2 appears on the screen.
The application window is divided into three zones: Zone
1, the Box Library that regroups the list of available
behaviors. Zone 2, the Flow Diagram that allows the
user to graphically lay out behaviors composed of library
boxes and links between them. In Zone 3 is a graphical
representation of NAO able to execute the implemented
behavior. A behavior is a piece of software controlling
the robot. Programming NAO consists in implementing
behaviors, which are themselves made of several behav-
iors. In the Box Library a set of classical pre-programmed
behaviors are proposed from high level functions (walking,
dancing, turning, lying down, standing up, reading sensors,
speech synthesis, speech recognition) to very low level
ones (reading sensors, turning LEDS on and off). By
assembling these basic behaviors, it is possible to create
an original behavior.
Assembly of behaviors is performed in the Flow Dia-
gram. By dragging and dropping icons of behaviors from
zone 1 to zone 2, it is possible to implement the behaviors
on NAOs onboard computer. In zone 2, a behavior is
represented as an icon equipped with small squares on
the left (entry boxes) and small squares on the right
(output boxes). Connecting the output box of one behavior
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to the input box of another one means that the second
one will be executed one the ﬁrst will be ﬁnished (event
programming). The principle of programming NAO is
to connect sequential, or parallel, behaviors between the
boxes.
If a real NAO is connected, via Wi-Fi to the PC
running Choregraphe, the real NAO will execute the global
behavior. If no real NAO is available, or if the behavior has
to be tested before actual use, Choregraphe is connected
to the 3D graphical NAO of Zone 3. The virtual NAO
executes the programmed behavior. Zone 4 is a script
editor for Python instructions to develop new boxes in a
more classical way. Codes could also be exported in C++
and merged with another codes.
In this experiment, we tried to measure the learning
rate of children with a game proposed where they in-
teracted with the robot. Once the robot did not answer
whether kids were right or wrong, they must infer the
score according to the interaction: the robot demonstrates
happiness or sadness as a response to the rights and
wrongs children’s answers. At the end, depending on the
emotional state of NAO, the kid that was playing was
consoled or congratulated by NAO with a sad or happy
song. Using the same children of both group that had
participated of the ﬁrsts experiments, but two weeks later,
we tried to quantitatively and qualitatively measure the
subject content that they remembered. It was implemented
a game in the humanoid robot NAO, and the experiments
results consisted in the kids answer to robot’s question
about the 3D ﬁgures approached on ﬁrst robot-children’s
contact. With the math education’s specialists support, we
made a total of 9 questions regarding the subject. The
questions were equally divided in 3 categories, it means,
3 questions for each category: easy, medium and hard
difﬁculty. NAO started the game sitting down with its
hands in its knees, as shown in Figure 4, and received
the children with a welcome message, following by an
explanation about the game. After that, the game followed
as explained in subsection III-B.
V. DISCUSSION OF RESULTS
To do a subjective evaluation, we use a Mean Opin-
ion Score (MOS) [1] technique. The technique offers a
scale to children measure the quality of the interactions,
movements, questions and answers of the robot NAO in all
experiment. In Table II it is shown a mean of all children
answers, for this questions:
1) The robot’s questions are too hard (5) or too easy
(1)?
2) Did the robot talk a lot (5) or little bit (1) with you?
3) Did you understand (5) or not (1) everything what
the robot said?
4) Did you learned something (5) or not (1) with this
activity?
In the interactive classes, children of low interaction
group claimed that the robot seemed rude. Now, the robot
recognized their faces, saying hello and waving it’s hands.
All children liked that ”personal touch”, and felt more
Figure 4: NAO waiting the children for the game with the
geometric ﬁgures.
Table II: Means obtained on MOS evaluation.
Question Mean
1 4.2
2 4.5
3 3.4
4 5
comfortable to talk with the robot. A special case should
be discussed. One of the girls had a bad impression at ﬁrst
contact with the robot. An error caused a ﬁgure felt after
a wrong answer and during all the rest of the experiment
she could not interact with the robot (even when it tried
to give a hi-ﬁve after a success). Although doubtful, she
managed to hit one of the proposed game questions. At
the end, she wanted to take pictures with the robot, and
asked to come back for new classes.
Table III: Children’s right answers percentage.
Difﬁculty Interaction Group
Low(%) High(%)
Easy 82 65
Medium 40 40
Hard 82 50
In the table III it is shown the mean of right answers
of low and high interaction groups to each difﬁcult. In
the medium difﬁcult, the same number of children in two
groups answered right, but in easy and hard difﬁcult, the
high interaction group was 17% and 32% better then the
low one. The high interaction group clearly was more
232
(a) (b) (c) (d)
Figure 3: Children playing with NAO from low-interaction 3(a) 3(b) and high-interaction 3(c) 3(d) group.
comfortable with the experiment, and remembered more
tips said by NAO. Also, they felt more challenged by their
robot friend (as they call NAO), and 60% of them said that
they studied at home to the game, against 20% of the other
group.
VI. CONCLUSION
In this paper, it was proposed an interactive method
based on a game to evaluate the subject learnt by 11-
14 year-old children after class with an interactive robot.
The aim of the game was to investigate if there was an
improvement in the answer given by the children that
belonged to high interaction group in the ﬁrst experiment,
compared to the children’s answers that belonged to the
low interaction group.
The interactive game was played by the children and
the humanoid robot NAO. To the children, the game main
goal was to make the robot happy, answering its question
rightly. The robot gave signals of how ”happy” it was. So,
the more erect and stretched the robot was, the happier
it would be and consequently, the more scores the child
would be reaching in that moment. The more relaxed
and lying the robot was, less scores the child would be
reaching.
As expected, the results were promissory, once a better
results on post-experiment exam was obtained to those
who had bigger interaction with NAO in the ﬁrst study.
In the more difﬁcult phase of the game, the children from
high interaction group got 32% better than the low one.
Moreover, they clearly were more comfortable with the
experiment, and remembered more tips said by NAO. They
claimed to feel more challenged by their robot friend (as
they call NAO), 60% of them said that they studied at
home about the game, against 20% of the other group.
In total, children with high interaction were 28.7% better
then low interaction group, wherein high interaction group
hits 90% against 61.3% of the other group.
The results demonstrated that the kids enjoyed the
experience with the robot, and better results on exam was
obtained to those who had bigger interaction with NAO.
The educational robotics is already a powerful tool to
assist the teachers, providing some practical exercises and
notions of logic and teamwork. Increasing the interaction
levels of humanoid robots brought us better results than
just visual and auditive contacts, and has suggested a more
funny and efﬁcient manner to hold the children’s attention
span.
As future works, we aim to give more autonomy to
the robot by attention-based 3D object recognition, voice
recognition and dialogue support, and an emotional based
navigation system, which will allow the robot change the
difﬁculty in the next challenges according to the children’s
reaction.
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